Contractility-dependent modulation of cell proliferation and adhesion by microscale topographical cues.
Engineering of cellular assembly on biomaterial scaffolds by utilizing microscale topographical cues has emerged as a powerful strategy in cardiovascular tissue engineering and regenerative medicine. However, the mechanisms through which these cues are processed to yield changes in canonical cell behaviors remain unclear. Previously, we showed that when mixtures of cardiomyocytes and fibroblasts were cultured on polydimethylsiloxane surfaces studded with microscale pillars (micropegs), fibroblast proliferation was dramatically suppressed, which suggests that the micropegs could be exploited to minimize fibrosis and scar formation. Here, we demonstrate that this effect relies on altered adhesive and micromechanical interactions between individual cells and micropegs. First, we show that the proliferation of a cell physically attached to a micropeg is significantly lower than that of a cell cultured on a featureless region of the substrate. Micropeg adhesion is accompanied by a marked elongation in cell and nuclear shape. When fibroblast contractility is pharmacologically attenuated through low-dose inhibition of either Rho-associated kinase or myosin light chain kinase, the potency with which micropeg adhesion suppresses cell proliferation is significantly reduced. Together, our results support a model in which cell fate decisions may be directly manipulated within tissue engineering scaffolds by the inclusion of microtopographical structures that alter cellular mechanics.